Simplifying Nucleic Acid Amplification from Whole Blood with Direct Polymerase Chain Reaction on Chitosan Microparticles.
Tremendous advances have been made in the development of portable nucleic acid amplification devices for near-patient use. However, the true limitation in the realization of nucleic acid amplification tests (NAATs) for near-patient applications is not the amplification reaction, it is the complexity of the sample preparation. Conventional approaches require several precise intervention steps during the protocol. There are numerous reports in the literature that mimic the sample preparation procedure within a lab-on-a-chip device or cartridge, but these systems require a high number of integrated steps, making the devices and/or their supporting equipment too complex to meet the necessary cost targets and regulatory requirements for near-patient applications. Here we report a simplified method to purify and amplify DNA from complex samples in a minimal number of steps. We show that chitosan-coated microparticles can lyse human cells and capture the released DNA in a single mechanical agitation step, and we show that bound DNA can be amplified directly from the microparticle surface when the magnetic microparticles are transferred to a polymerase chain reaction (PCR). This procedure eliminates (i) the use of PCR-inhibiting reagents (e.g., chaotropic salts and alcohol) and (ii) the washing and elution steps that are required to remove these reagents and release DNA in typical NAAT sample preparation methods. To illustrate the use of this direct PCR method in diagnostics, we amplify human genomic DNA sequences from a ∼1 μL droplet of whole blood, and we amplify plasmid DNA spiked into whole blood droplets to represent circulating viral DNA or cell-free DNA. The qPCR threshold cycle for direct PCR from whole blood is comparable to that of direct PCR with purified DNA, demonstrating that the lysis and capture steps effectively bind DNA and sufficiently enable its amplification. Furthermore, the efficient amplification of plasmid DNA spiked into whole blood proves that the large mass of human genomic DNA captured from the lysed cells does not inhibit the capture and amplification of other circulating DNA. We anticipate that this new streamlined method for preparing DNA for amplification will expand the diagnostic applications of nucleic acid amplification tests, in particular for near-patient applications.